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suMMARY

AND3.0

andpressuredistribu-
largeReynoldsnmnbers

Theeffectofa propulsivejetonthe&cag
tionof theNACARM-10missileconfigurationat
hasbeendeterminedby flighttestsofrocketmodelsbetweenMachnum-
bers0.8and3.o. Pressuresweremeasuredalongtk body,nearthefin
root,andat thebase. ThejetpressureratioandjetexitMachnumber ,
wereof theorderof 1.5and3.5. TheReynoldsnunibervariedfromabout
60x 106to220x 106,basedonbodylength.

Jetinterferenceresultedin largeincreasesinbasepressure
betweenMachnumbers0.8and3.0withbasethrustbeingobtainedbelow-
Machnumber1.8. Thejeteffectsproducedlargeincreasesinpressure
attherearmoststationsonthesfterbodyandfinrootat thetransonic
andlow-supersonicportionsoftheMachnumberrange.Thetotaldrag
oftheconfigurationbetweenMachnumbers1.8and3.0wasreducedby \about15percent,whichwasduetofavorablejetinterferenceatthe
base. Themeasuredbodyandfinpressuresarecomparedwiththose
obtainedfromlinearizedtheoryandfromvariouswind-tunneltestsat
supersonicspeeds.

from
drag

INTRODUCTION

Recentinvestigations(refs.1 to 5) ofbodieswithflowissuing
thebasehaveshownthata jetmayproducelargechangesinthe
andpressuredistributionofa configurationat transonicand

supersonicspeeds.Eecausetherearemanyfactorsinvolvedinthejet .
interferenceproblem,suchasnozzledesign,jetoperatingconditions,
andafterbodyshape,a greatdealofworkisbeingdonetoprovidea
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2 NACARM L55H02

betterunderstandingof thejetinterferencephenomenaandtoobtain
usefuldataforthedesignofaircrafthavinga minimumofunfavorable
jeteffects.

Inrecognitionof&e needformoreinterferencestudiesforboth
thepower-onandpower-offflightconditions,thePilotlessAircraft
ResearchDivisionhasundertakenseveralinvestigationsof jeteffects
athighMachnumbersdndReynoldsnuuibers.Thepresentpaperreports
on theflighttestsof tworocket-propelledfull-scaleNACARM-10models
thatwereinstrumentedtomeasurebodypressuredistribution,finroot
pressures,basepressure,anddragforbothpower-au=d power-offflight.
TheNACARM-10researchvehiclewasselectedforthisjeteffectinvesti-
gationbecausea gxeatdealofbasicresearchhasbeendonewithitunder
power-offconditions(refs.6 to 23), especiallywithregardto3-tsdrag
at supersonicspeeds.Thepresenttestscoveredcontinuousrangesof
Machnuniberbetween0.8and3.0withcorrespondingReynoldsnumbers
varyingframabout60x 106to220x 106basedonbodylength.Thejet
staticpressureratioandjetexitMachnmber ofthetestvehicleswere
approximately1.5 and3.5, respectively.Themeasuredpressuredistri-
butionsarecomparedwiththoseobtainedforpowerofffromvariouswind-
tunneltestsat lowerReynoldsnumbersandwithlinearizedtheoryat
supersonicspeeds.Theeffectof thejeton thebody,fin,andbase
dragsis determinedthrougha breakdownofthedragcomponentsas deter-
minedfromthepressuremeasurementsandlinearizedtheoryforthebody
andfinsthroughmostoftheMachnumberrange.

Themodelswereflighttestedat theLangleyPilotlessAircraft
ResearchStationatWallopsIsland,Va. -

SYMBOLS

A msxhumcross-sectionalareaofbody,0.785ft2

b spanoffins,35.88in.

c streamwisechordoffins,18.14in.

CD totaldragcoefficient,based.on A“

c% bodypressuredragcoefficient,basedon A

c% basedragcoefficient,basedon A

cD.o frictiondragcoefficientofbody,
J.

basedon A

.—

.

\



NACARM L73H02 3

averageskin-frictioncoefficientbasedonwettedareaofbody

P - PI
pressurecoefficient,

~~

jet-effectpressurecoefficient,%? - Cp
jeton jetoff

lengthofbody,146.5in.

Machnumwr

localstaticpressure,lb/ft2

free-streamstaticpressure,lb/ft2

jetstaticpressure,lb/ft2

free-streamdynamicpressure,lb/ft2

Reynoldsnumber,basedon L infeet

localradiusofbody,in.

time,sec

free-stresmtemperature,OFabs

averagetemperatureof skinofbody,%’abs

adiabaticwalltemperature,OFabs

stationmeasuredfrombodynose,in.

stitionmeasuredfromfinleadingedge,in.

finplan-formordinate,measuredfrombodycenterline,in.

bodypolarangle(deg)measuredfromfinplanein counter-
clockwisedirection(@= 0° at topfininverticalplane)

,.
i
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Etails,dimensions,and
testedwe giveninfigures1

MODELS

photographsofthetwo
to3. Thebodieswere

NACARM L55H02

,.

NACARM-10models
derivedfroma

parabolicarcofrevolutionoffinenessratio15by cuttingoffpartof
thepointedsterntoallowspacefortherocketjet. me resultingmodel
hada finenessratioof12.2andmaximumbodydiameterofI-2inches.The
configurationwasstabilizedbyfour600sweptback,untaperedfinsof
aspectratio2.04. Theairfoilof thefinsconsistedofa 10-percent-
thickcircular-arccrosssectionnormaltotheleadingedgeor5 percent
thickinthestreamwisedirection.Bothmodelswereconstructedof spun
_esium d-loyskinsandcastm.gnesiumtailconestowhichthecast,
magnesiumfinswereattached.

ModelA wasinstrumentedtomeasure18bodypressures,basepressure,
nozzlepressure,”free-stresmstaticpressure,eightfinpressures,accel-
erationduringthrustingflight,anddeceleration(dragacceleration)
duringcoastingflight.Thirteenofthebodyorificeswerelocatedina
plane45°(@= 45°)betweenthefins(fig.l(a)).At stations
x/L= 0.921and0.g86 (fig.l(b)),orificeswereinstalledat @,=15°,
~o, and450. Thesidepressureorificeat x/L= 0.998wasat @ = 300.
Allthebodyorificestationsaretabulatedin tableI.

Thefinpressuremeasurements(fig.l(b))weretakenatfourchord-
wisestationsandtwospsmwisestations.Thelatterstationswerelocated
at1 inchand3 inchesfromthebody(atthefinroot)measuredparallel
totheleadingedge. Theorificestationsonthefinsaretabulatedin
table11.

ModelB wasequippedtomeasvre10pressureson theafterbodyand
basepressure”(fig.2(a)).!lMesestationswereselectedtosupplement
themeasurementstakenonmodelA andprovidecheckpointsat
x/L= 0.884 (@= 450),0.952(@= 450),and0.986(@= 150). me ori-
ficestationsonmodelB aretabulatedintableIII.

Thebasepressuresonbothmodelsweretakenbysingleorifice
measurementsasis showninfiguresl(c)and2(b).Althoughthebase
pressureorificesarein differentlocationsinsidethesternofeach
model,theresultsofthepresenttestsindicatethateachpositionwas
equallyefficientinmeasuringthepressures.

Bothmodelswereequippedwith6-tichABLDeaconrocketmotors,but
withslightlydifferentgrainconstructionofthepropellant.Thepro-
pellantusedformodelAwas castwhilethatformodelBwas extruded.
Thisdifferenceingrainconstructionnecessitatedtheuseofslightly
differentnozzledesigns(figs.l(c)and2(b))foroptimumperformance
of themotors.

-—— . —. —



NACARM L55~2 5

Fourequallyspacedjetorifices,manifoldedtoa pressurecell,were
usedtomeasurethewallpressuresneartheexitofthenozzleofmodelA .
as is showninfigurel(c).

TESTSANDMEAs~

Themodelsweretestedat theLangleyPilotlessAircraftResearch
StationatWallopsIsland,Va. ModelAwas propel.ledbya two-stage
rocketsystem(fig.3(c))thatconsistedofa 6-inchABLDeaconrocket
motorboosterandsustainerrocketmotor.ModelB waspropelledbyone
stage,therocketmotorinitsfuselage.Velocityandtrajectorydata
wereobtainedfromtheCW DopplervelocimeterandtheNACAmodified
SCR584trackingradarunit,respectively.A surveyofatmosphericcon-
ditionsincludingwindsaloftwasmadeby radiosondemeasurementsfrom
anascendingballoonthatwasreleasedbeforeeachtest.

Bothmodelswereequippedwithmultichanneltelemeteringsystemsto
transmitthemeasuredpressuresandaccelerationstoa groundreceiving
station.ModelA,whichwastheprincipaltestvehicleofthisinvesti-
gation,had31channelsoftelemeteringcomparedto11formodelB. At
thestartofthetestofmodelA, twopressure.channelsshortedout;and,
asa consequence,no datawerereceivedforthebodyorificesat
x/L=O.068 (@=45°) andO.g86($$=45°).Thetime-lagconstantfor
thepressuresystemofbothmodelswaslessthan0.007second,whichwas
sufficientlysmalltoallowpickupoftherapidchangesinpressure
obtainedduringacceleratingflight.

ThebodyandfinpressurecoefficientsofmodelA werebasedonthe
smtictubemeasurementsoffree-streamstaticpressure.Thesecoeffi-
cientswerecomparedwiththoseobtainedusingtheratiosondemeasure-
mentsof.pl ‘atseveralorificestationsandwerefoundtoagreewithin

theaccuracyoftheteststhroughmostof thespeedrange.Theagreement
thusobtainedisindicativeoftheaccuracyofthepressurecoefficients
formodelB whichdidnothavea staticpressuretube.

Thejet-offdragcoefficientsofthemodelsweredeterminedduring
deceleratingflightby themethoddescribedinreference24. Forcom-
parativepurposes,thejet-offdragswereevaluatedusingthedecelera-
tionsas determinedby thedragaccelerometersandby differentiating
theveloci~timecurveof(XJDopplerradar.Sincethelatterinstru-
mentfailedtotrackeithermodelbeyondappro-tely 13seconds,the
differentiatedvelocitycurvewasusefulforcheckingthetelemetered
decelerationsonlyfromMachnumber3.0to2.0. Belowthisrange,the
magnitudeofthedecelerationofbothmodelswassmallandonlyslightly
greaterthantheaccuracyofthedragaccelerometer.Theresultingjet-
offdragcoefficientswerequestionableand,hence,arenotincluded

—— —.. . .. —______ . ..__ .. .. ____ _____ ____ —–———- ------—-—— .. . . . . —..
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6 NACARM L55H02

herein.TheJet-onaccelerationandnozzlestaticpressurewere
measuredonmodelA inan attempttoevaluatethepower-ondragof
theconfiguration.

.

TheMachnumberi-anges,Repold= nmber rqesj ~d free-stream
conditionsforthetestsarepresentedinfigure4. Thejet-ontest
rangeformodelA variedbetweenMachnumbers1.1and3.0andReynolds
numbers70x 106and220x 106;andformodelB betweenMachnumbers0.8 ..
and2.6 withcorrespondingReynoldsnumbersfrom60 x 10bto210x 106.
Forthedeceleratingpartofthetests>tieaforementionedr-es were
essentiallyreversedinflight.

Thefollowingtablegivesanestimationoftheaccuracyofthe
coefficients,basedoninstrumentaccuracy)forthef~@t tests:

%“””””:”””
CD (supersonic)(2.0
CDB (supersonic). .

cm (trsmsonic) . .

TheMachnumber
considerablepartof

. . . . . .

&3. o) . .
. ...’. . . .
. . . . . . . .

isestimatedto
theMachnumber

. . . . . . . . . . . . . tool

. . . . . . . . . . . . . S.005

. . . . . . . . . . . . . m. 003

. . . . . . . . . . . . . to. oo5

be accuratewithin*O.01througha
range.

RESULTSANDDISCUSSION

BasicData

Thevariationsofthemeasuredpressurecoefficientswith~ch num-
berforeachorificestationonmodelsA andB arepresentedinfigures5,
6,and7. Thepressurecoefficientsobtainedforbothjet-onandjet-off
conditionsareccmqyredineachplot. An examinationoftheseresults
showsthatlargedifferencesin theafterbodypressuresandfinpressures
wereobtainedbetweenthejet-onandjet-offconditionsat lowsupersonic
andtransonicspeeds,withthegreatestdifferencesbeingmeasuredat the
rearmostbodyorificesandfinorificesandatthebase. Thefollowing
sectionsaredevotedtoa moredetailedstudyof thesepressuresin order
to determinetheeffectof thejetonthepower-offpressuredragand
totaldragoftheNACARM-10body.

,,

——. .— .
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BodyPressures

Thepressurecoefficientsmeasuredon thebodyofmodelA at @ = 45°
arecomparedwiththetheoreticalbodypressuresas determinedby line-
arizedtheory(ref.25)andthemethodofcharacteristics(ref.26)at
Machnumbers1.2,1.5,2.0,2.5,and3.0infigure8. Thepressuresat
@ = 15°and~” havebeenomittedfromthisfiguretoavoidacongestion
oftestpointsin theafterbodyregion.Thedeviationbetweenthetheory
andexperiinentatstationsforwardof thefinsis consistentwiththat
obtainedinwind-tunnelinvestigations(refs.8 and10)oftheRM-10body
withoutfins. Thesecomparisonsandfigure5 alsoshowthatthejet-on
andjet-offpressuredistributionsarethesame,exceptontheafterbody
at lowsupersonicandtransonicMachnumbers.

, Theeffectof thejetontheafterbodyandbasepressuresofmodelsA
andB maYbe seenmoreclearlyby comparingthevariationsof ACp (jet
effectcoefficient)withMachnumberinfigures9 and10. Thepositive
valuesof AL!prepresentan increaseinpressureduetothejetissuing
fromthebase. As is showninreferences1 and4,theinteractioneffect
ofthejetontheafterbodyislargelya functionofbodygeometryandjet
pressureratio.Thepresentresultsareingeneral~eement withtests
ofsimilarconfigurationshavinga lowboattailangleandsmallannulus
baseinthatthejetaffectedprimarilythebaseandsidepressuresat
supersonicspeeds.Also,thejetaffectedtheafterbodyatallradial
stationswithnearlythesameintensityasmaybe seenby ccmpsringthe
variationsof LL!pfor x/L= 0.952 at @ = 15°,~“, and45° infig-
ure10. ‘lhelarg&tjetinterferenceoccurredbetweenMachnwnbers0.8
and1.2foreachstationandthentheinterferencedecreasedwith
increasingMachnumber.

Figurel-lshowscomparisonsofthejettofree-streamstaticpres-
sureratiosandthevariationsof ACp forcorrespondingbodyorifices
onmodelsA andB. ‘ThejetexitpressuresusedforobtainingPj/pl and

thejetpressurecoefficient(fig.9(d))formodelAwere compu~dforthe
exitofthenozzleusingthemeasurednozzlepressuresanda ratioof
specificheatsof 1.28. ThejetpressureratiosformodelB wereestimated
fromtheknowncharacteristicsoftherocketmotorandthetrajectoryof
themodel.Thecomparisoninfiguren(a) showsthatthejetpressure
ratiosthusobtainedagreedwithin20percentbetweenMachnumbers1.2and
2.5. Owi_ngtothesmallmgnitudeof p p , thedifferencesobtainedj/1,
wouldhavea negligibleeffecton thejeteffectsofthemodelsat corre-
spondingMachnumbers.However,therewasa signific&ntdifferenceinthe
jetetitMachnumbersdueto changingthepropellant.ModelAhad the
castgrainpropellantwhichgavea ratioof chmberpressureto exitstatic
of61in contrasttoa ratioof51fortheextrudedgrainofmodelB. The
correspondingjetetitMachnumberswereabout3.6and3.1,respectively.

——-. . . .—-——..——.——..——. ——— ..- ——— — .—
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Accordingtoreference3,changingthejetexitMachnumberata nearly
constantjettofree-streamstaticpressureratioandfree-streamMach
numberwouldchangethejetboundaryandhencetheinterferencefromthe
jet. ThismaYaccountforthedifferentlevelsof LJ2pobtainedat the
baseandcorrespondingafterbodystationsofthemodelsas isshownin
figuresU(b) ton(e). !l!hechangeinjetexitMachnumberevidentlyhad
littleor’no effectontheafterbodypressuresaboveM = 1.4,whereasa
markedeffect,is shownatthebaseup totheMmits ofthete_sts.

FinPressures

Thevariationsof thefinpressurecoefficientswithMachnmiberfor
modelA areshowninfigure6. CrossplotsofthesevariationsatMach
numbers1.2,1.5,2.0,2.5,and3.0arepresentedinfigureK?forthe
orifices1 inchfromthebody(measuredparallelb leadingedge)andin
figure13fortheorifices3 inchesfromthebody. Theseexperimental.
pointsarecomparedwiththetheoreticalchordwisepressuredistributions -
forisolatedfinsas determinedlylinearizedwingtheory(refs.27and
28),exceptatMachnwiber2.0wherethetheoreticalvalues’becomeinfin-
ite. At thisMachnumber,theMachlineswerealinedwiththe60°swept-
back,untaperedfins.Forthepresentapplication,itwasassumedthat
thebodyactedasa reflectionplane-orthattheexposed,oppositefins
hada comnonrootchordatthebodysurface.Sincetheorificeswerenot
paralleltothefree-streamdirection,anaveragesemispanlocationwas
wed foreachreferencechordinorderto simplifythecomputations.The
averagesemispandistancesarereferred~ thecenterlineofthebody,

for

the

for

()convenience,inthefiguresandare ~ = 0.27ando.33 for
b/2average

twochords.

Theagreementobtainedbetweenthetheoryandtests(figs.12and15)
eitherthejet-onor jet-offconditionatMachnunibers1.2and1.5is

reasonablygoodinviewof theinterferenceeffectsfromtheafterbody
andjet. It shouldbenoted,also,thatthefinorificesat

(–)
Y = 0.27 wereintherelati%lythickturbulentboundarylayer
b/2average
oftheafterbody.Accordingto~asurepentsmadeinreference22,the
boundary-layerthiclmesswouldvaryfromabout1.0inchat M = 1.0 to
1.5inchesat M= 3.0. AtMachnumbers2.5and3.0,whereno jetinter-
ferencewasmeasured,thefinpressuresarelowerthanthosecalculated
by anamountappro~tely equaltothepressuresontheisolatedbody
(ref.8 or10,orfig.8)at correspondingstations.

.
A comparisonofthejet.effectpressure,coefficientsinfigure14

showsthesanegeneralvariationsof Np withMachnmber aswasobtained
.
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ontheafterbody;
supersonicspeeds

namely,thejetinterferencewaslargeatthelower
andat transonicspeeds.Theeffectof smalltrim

ch&gesduringthrustingflighton tip,especiallyattramsonicspeeds,
wasesi+matedtohavesmalleffectonthejetpressurecoefficientsof
thefinsandtobe lessthamtheaccuracyofthemeasurements.

Drag

Thevariationsof totildragcoefficientandbasedragcoefficient
withMachnumberforthejet-offconditionareshowninfigure15. A
comparisonofthepresentresultsshowsthatexcellent~eement was
obtainedbetweenmodelsA andB aboveM g 2.0 fortotaldragandthrough-
outthesupersonicspeedrangeforbasedrag.ThedatabelowM ~ 2.0 for
totaldragwereomittedbecauseofquestionableaccelerometermeasurements.
Alsogiveninthisfigureis a comparisonofthepresentdat awiththe I
totaldragandbasedragcoefficientsoffoursimilarflightmodelsfrom
references6 andD. Thereferencedcurvesaqeingoodagreementwiththe
testresultsthroughcorrespondingrangesofMachnumber,thusmakingit
possibletoextendthetotaldragcurveofmodelsA andB toMachnum-
ber0.9. .

Twomethodswereemployedforobtainingthepower-ondragcoefficient
oftheRM-10configuration.Thefirstone,discussedinreference29,
requiresthecomputationof thethrusttoa highdegreeofaccuracyin
ordertodeterminethedrag.Althoughthecharacteristicsoftherocket
motorusedwerebown, itwasnotpossibleto computethruststhatwould
giveaccwatevaluesof drag.As a consequence,thesedragsarenotpre-
sentedherein.Forthesecondapproachtotheproblem,itwasnecessaryto
reconstructthetotaldragforpower-onby computingthepres&re,fric- .
ti.on,andbasedrags,andby estimatingthefin-plus-interferencedrag
froma breakdownof CD forthepower-offflightcondition.

Thebodypressuredragfortheconfigurationwascomputedfromcurves
fairedthroughtheexperimentalvaluesof Cp ofmodelA at severalsuper-
sonicMachnumbersandispresentedinfigure16. Thesolidcurveinthis
figureshowsthatthejetdidnotaffectthepressuredragaboveMachnwn-
ber2.0. ThecurveisdottedbelowMachnmnber2.0toindicatethatthe
jethada smallbutnegligibleeffectonreducingthepower-offpressure
drag. Thereductionin

%
duetothejetwasapproximatelyequal.to

theaccuracyofthetests.Figure16alsoshowsthatthepressuredrag
wasabout10percenthigherthanthatobtainedfromfourdifferentwind-
tunneltests(refs.9, 10,14, and16) andfromtheoryforconfiguration
withoutfins. Thisdifferencemaybe dueto interferenceobtainedfromthe
nosest+tictubeof theflightmodel. .

. —— ..—.— —. —.— —. ——.——
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ThevariationsofbasedragcoefficientwithMachnumberforboth
.

modelsaregiveninfigure17. Theannulusareaofeachmodelwasused
incomputingthebasedragduringthrustingflight,whiletheentirebase .
sreawasusedforthejet-offportionofthetests.Thecomparisonsin
figure17 showthattheJeteliminatedthebasedragonbothmodels
throughouttheMachnumberrangeandproducedbasethrustbelowMach
number1.8.

ThefrictiondragcoefficientwascomputedfornmdelAby usingthe
empiricalmethodofreference17. Thismethodinvolvesa step-by-step
computationwithtimeof Cf,basedonthecalculatedvaluesofaverage
skintemperatureandthemeasuredval+esofMachnmiberandReynolds
numberalongthetrajectory.Theheat-transfercoefficientsusedfor
determiningtheaverageskintemperaturesandwallheatingparameter
(showninfig.18(a))wereVanDreist’stheoreticalflat-plateturbulent
heat-transfercoefficientsassumingturbulentflowfromthenose. The
adiabaticwalltemperaturesshownweredeterminedassuminga temperature
recoveryfactorof0.9. TheaverageReynoldsnwnbersweretakenat stat-
ion x/L= 0.52~whichistheaverageareastationofthebody. The
variationsof Cf with M thusobtainedforthejet-onandjet-off
conditions,giveninfigure18(b),showlittlec-e inskinfriction
underthedifferentwallheatingconditions.Alsoshownin this,last
figureisthemeasuredvariationof Cf ofa similarmodelwithjetoff
testedinreference17 (model5)underslightlydifferentflightcondi-
tions. Sincesmallchangesinflightconditionswouldnotappreciably
affecttheskinfriction,thiscurveispresentedto showthatthe,corn-
putedvaluesof Cf areinagreementwiththosemeasuredintherefer-
encedpaper.

Thepower-offdragofthefinsplusinterferencewasobtainedby
subtractingthebase,pressure,andfrictiondragcoefficientsfromthe
averagetotaldragcoefficient(fig.15) througha rangeofMachnumber
from1.15 to3.0asisshowninfigure19(a).Inordertoestimatethe
effectofthejetonthepower-offfindragandhencethetotaldrag,
a studywasmadeofpossibleshockpatternsnearthebaseofthecon-
figuration.Figure20 showstheestimatedlocationoftheshockwave
basedonthevariationsoftheafterbodyandfinpressuresatMachnum-
bersnear1.0,1.2,2.0,and3.O. It appe~sthattheshockwavenear
Machnumbers1.0and1.2sweepsspanwiseacrossthefinscausingcon-
siderableinterferenceforbothjet-onandjet-offconditions.Forthese
Machnumbers,theresultsindicatethatthejetcausedtheshockwaveto
moveupstreamslightlyand,thus,changetheinterferenceeffects.The
magnitudeoftheinterferenceat theseMachnuniberscouldnotbe estimated
fromthelimiteddataobtained,butitappearsthattheeffectwouldbe
favorablefroma dragstandpoint.At thehigherMachnwnbers,wherethe
measuredpressureswerenotaffectedbythejet,exceptatthebasejthe
shockwavewaseitherinclinedalongthefintrailingedgeorfarther

.

.
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downstreamas isshowninfigure20. Forthiscondition,thechangein
findragcausedby thejetwouldprobablybe negligible.

Theforegoingdiscussionpermitsanestimationofthejetontotal.
CD (fig.19(b))by summingthedragcomponentsat supersonicspeeds.
Fora ramgeofMachnumberfromabout1.8to 3.0,thejetreducedthe
totaldragby about1~percent,whichwasduetofavorableinterference
atthebase. BetweenMachnumbers1.15and1.8,thepressuremeasurements
indicatea greaterreductionintotaldragduetofavorableinterference
atthebase,afterbody,andfti (notshowninfig.lg(b)).AtMachnum-
bersbelow1.15,
jetinterference
nearI@chnumber

thesupplementaldatatakenfrommodelB indicatethat
wouldgivea msrkedreductionintotalCD especially
1.0.

CONCLUSIONS.

Theeffectofa propulsivejetonthepressuredistributionand
dragoftheNACARM-10tissileconfigurationhasbeeninvestigatedby
flighttestsofinstrumentedrocket-propelledmodelsthrougha -e of
Machnumberfrom0.8to
220x 106basedonbody
Machnumberwereofthe
resultsareindicated:

3.0smdReynolds
length.Thejet
orderof1.5and

numberfromabout60x 10bto
pressureratio&d jetexit
3.5,respectively.Thefollowing

1.Jetinterferenceresultedin largeincreasesinbasepressure
betweenMachnumbers0.8and3.0withbasethrustbeingobtainedbelow
Machnumber1.8.

2. Thejeteffectsproducedlargeincreasesinpressureattherear-
moststationsonthedterbodyandfinrootat thetransonicandlow-
supersonicportionsoftheMachnumberrange.

3.ThetotaldragoftheconfigurationbetweenMachnmbers1.8and
3.Owasreducedbyabout15percent,whichwasduetofavorablejetinter-
ferenceat thebase.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmmitteeforAeronautics,

LangleyField,Vs.,July19,1955.
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TABLEI.-LOCM’IONOFPRESSUREOR~ICl&

ONBODY- MODELA

x, in. x/L g, deg

-10.88 -0.074 Statictube
2 .014 45

alo .068 45
19 .13-0 45

.253 45
;; .389 45 .
77 ;~: 45
97 45

114 .778 45
123 .840 45
129.5 .&14 45
135 .921
135 .921 z
135 .921 45
139.5 .952 45
144.5 .986 15
144.5 .986 30

a144.5 .986 45
146.2 .998 30
Base --- --
Nozzle --- --

aThetelemetersshortedoutat thisstation.

.

1 .
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TABLEII. - LGCATION OFORIFICES

ONFIN- MODELA

x/L

0.890

.928

● 959

.993‘

.902

.940

.970

1.005

x/c

0.033

.376

.650

.960

.033

.376

.650

.960

7-b2

%.290

a.278

a.262

a.2y3

b ● 355

b.334

b. 318

b .294

(-7-)aY = 0.27 fortheorifices
b2av

located1 inch
thiclalessline

frombodyalongconstant
offin.

b

(7)
Y = 0.33 fortheorifices
b2av

located3 inchesfrombodyalongconstant
thicknesslineoffin.

NACAm L55H02

.

.

.

.

—.—— —.
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TABLEIII.- IOC!ATIONOFPRESSURE

ORIFICESON BODY-MODELB

x)
in.

129.5
129.5
131
131
131
139.5
139.5
139.5
144.5
146.2
Base

x/L

0.884
.884
.8g4
.8g4
.8g4
.952
.952
.952
.986
.998
---

17
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OrlfkX Stations (x/L) on Body

I

I

-.074 .(

Static
tube

,’ dlam=

0.375

3 .389 0326 .662 .778 .B40 .804 .962 .998

~/

.921 .986 9. 20

> o~iol ~+o+,~n~

I I

‘~+

<

4.15”, 30”,
and 45°

r ~ “o ~ ‘

>272 dlorn as shown
—-— -—-— -——— - —-— .—. =

~~ .—. n bed:
r .

.—-— —— ~— +
x

T
14.687

90.00 0
k

12.000

129.00
Max diarn,

=146.50

Station O

Body profile equotbn

Y \ w
kl7.940-

Clrcular -ore profile,
thickness ratio .O.100

Orifice 1.D,=O.060 on body
Orlfke l.!l.. O.O4O on stotlc tube

r=*o(l-.e133~)

(a) General dimenaiom end location of pressure ortiices on body.
Mdel A.

F&ure l.-Iktails and dimensions of IKIdelA. AIL Mmensj.om .ere in
inches except where noted.

1
I

‘,



+

I
orifice Station, x/L

(o~ifical.D.=O.OGOI

I

-1

-,

, .,,
--

~r~ss~e ortiices on f~ and .gfterbo@. bbdel A.

Fj&u’e l.- Continued.
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I
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Insulation ,

.-2-4.2- --
ii
II

P.-
—

.—

,Iqo

jet orifices

7

-i-——

~11 I.D.base-pressure tub

7.27:
di(

—

(c) Location of Jet and base

Figure 1.-

1

pressure cell.

pres6ure orifices. Model A.

Concluded.
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i

II
I
I

I

1
,
I

/

t

Orifice Stations (x/L) on Body

t

——-
r

Orifice IJ3.=0.060

Body profile equation

r=*(l-.6l33~)

(a) General dimermions .9M location of pressure orifices on lmdy.
Wdel B.

Figure 2.- Details md dimermions of mdel B. All dimensions are in
fncheb except where noted.



N

i: ..--+

‘-r “
I 16.250 \ \

(b) Location of bme-gres-e orifice. Me&l B.

\

p- 2.- Conclu&ed.
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(a)Afterbody.ModelA.

I —

L-83368

4...“-. .

—.-

(b)Afterbody.ModelB.

Figure3.-Photoqqhsofmodels.

L-68755

. . .— ..— — -—...— -—. .— .. . . .
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-,

.-

.

.

L-83576.1-,
(c)ModelAonlamcher.

.

I

—

+-,. .
h

—

.—

—.— . : -

L-68756
(d)ModelB onlauncher.

Figure3.- Concluded.
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3.2–

28 -

24 –R

20-

M 1.6-

I.2-

.8–

.4-

0–

&200

12,000 1,800

II

8,000 PI L400 T

q

4,000 1,000

0- 600

25

240x106

200

/ \

160 I

/ ,L
\

\ ‘ \/’

/ ,’
\

1’ ‘ ..
I20 \

L ;

\ \ ,

I
I ‘.
\ ‘- .

\ =-
-- .-1 / “M”

1 --
< R

-
aom
40 ‘

1 I I I I I 1 1 I 1

0 4.8 12 16 20 24 28 32
T, sec

,-

(a) MachnumberandReynoldsmxiber.ModelA. 1:

540

\
500 \

/y

/’
,
\

\ =.
460 1

\
\

I \ \

/’ ‘\
\ .

420 \ \ _ -T ~
\\

1)
- -_ ‘

\ .
-Pl=.

-~,-- __
3800 4

-- — -
8 12 16 20 24 28 32

T, sec
. .

(b)ltree-streamconditions.ModelA.

Figure~.- VariationsofMachnumber,Reynoldsnmiber,andfree-stream
conditionswithtimeformodelstested.

&
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1.2

1 ] ‘ :111

/
.8 40

.4
~lllllT77TTW

o 0. 4 8 12 16 20 24 28 32

I I I I I 1 I I I I I 1

T, sec

(c)MachnumberandReynoldsnuniber.ModelB.

2,200 540-

[2,000 1,800

1: ~~ ; “ ; : ~ ~ ~ : : : : ~~ : ~ x

500

8,000 PI 1,400 TI460
I i,

4, I ‘\
4,000 1,000 420 ; \ i

T!‘%
I P,- -_

o
--, __ __ __ _ _

600 380&/ q
8 12 16 20 24 28 ’32

T, sec

(d)l?ree-streamconditions.ModelB. .

Fi@e 4.-Concluded.
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0 Jet on

27

.
0 Jet off

.2

Cp J

%0 1.2 1.4 1.6 L8 2.0 2.2 2.4 2.6 2.8 30

(a) x/L= O.!13Z 1#1=450.

.1

CP

L2 1.4 1.6 1.8 2.0 22 2.4 2.6 28 3.0

(b) x/L= O~30;+=45:

I.,

Cp o

‘“’ 1.0 1.2 1.4 1.6 1.8 20 22 2.4 2.6 2.8 3.0

(C) x/L= O.!53; +=45°.

.1

. Cpo

-“’1.01.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

(d) x/L= O:89; +=45°.

Figure5.- Variationsof~hebody,base,andnozzlepressurecoefficients
withMachnumberformodelA.
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o Jeton
O Jet off

.1

Cp o

-+0 1.2 1.4 1.6 1.8 2.0 2.2 24 26 28 \ 3.0

(e) x/L= O.!26; #J=450,

o

Cp
.

1.8 20 22 2.4 26 28 3.0

(f) x/L= O.!62; +=45?
.

0

Cp

20 22 24 26 28 3.0

(g) x/L= O.?78; +=45°.

.1

Cp o

-+.0 1.2 L4 1.6 1.8 20 22 2.4 2.6 2.8 3.0

(h) x/L= O.!40; +=45°.

.1

Cp o

‘i.O L2 1.4 [.6 18 20 22 2.4 26 2.8 3.0

( i ) x/L= O!84; +=45°.
.

Figure 5.- Continued. .
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0 Jeton
O Jet off.

.1

Cp o

-.1 0

( j ) x/L=O.921;+=15?

.1

Cp o

-.1 0

(k) x/L= O-921;+=30°.

%

.0

( I ) x/L= O.921;+=45”.

.1

Cp o

-,1

(m) x/L= O.952;+=45°.

Figure 5.- contfiued.
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CP

CP

.—

0 Jet on
O Jet off

NACARML55H02

(n)x/L=O&16; +=15?

.

. (o) x/L=o.386; +=30:

.,

Cp

(p) x/L= O.998; +=30?

Figure5.-Continued.

.
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o Jet on
O Jet off

CP

31

.

M
(q) Base pressure.

.2.

Cp .1

01.O 1.2 I.4 1.6 1.8 2.0 2.2 2.4 2.6 28 3.0
M

(r) Nozzlepressure.

Figure5.- Concluded.
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CP

Cp

— .—.—.— --—

NACARM L55H02 1

,.

0 Jeton
O Jet off

I

L2 1.4 1.6 1.8 20 22 24 26 “2.8 3.0
M

(a) YJL=O.890;+=0.290.

.1

0
.

‘“’LO L2 1.4 L6 1.8 20 “2.2 2.4 2.6 28 Ao
M

“ ‘=0.278.(b) “L= 0“928’ b/2

o
Cp

1.8 20 22 2.4 2.6 2.8 3.0
M

(C) x/L= O.959;+=0.262.

.

M
(d) x/t- =0.993; &= O.238.

Figure6.- VariationsoftheftipressurecoefficientswithMachnunber
formodelA. .

.

—



IE
NACARM L55H02

o Jet on
O Jet off

.2

CP “’

9:0 1.2 1.4 1.6 1.8 20 2.2 2.4 26 28 ~
M

(e) x/L =0.902; -&=o.355.

o

Cp-J

-“21.012 1.4 1.6 1.8 y 2.2 2.4 26 2.8 3.0

( f ) x/L=O.940;+=0.334.

CP

CP

.

-. ._ ----

0

-.1

-“? 0
M

(g) X/L=0S70; &=0.318.

.3

.2

.[

o

‘“’ 1.0 1.2 1.4 1.6 1.8 20 22 2.4 26 2-8 3.o
M

(h) x/L= 1.005;+=0.294.

Figure6.- Concluded.

,.--.-_...__
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0 Jet on
O Jet off

CP

NACARM L55H02

.

(a) x/L= O!!84; +=15°.1

CP

(b) x/L= O.~8q +=45°.

CP

(C) x/L= O!i9+ +=15°.

Figure7.- Veriationsofthebody-andbase-pressurecoefficientswith
MachnumberformodelB.
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o Jet on
O Jet off-.

CP

(d) x/L= O.!9+ +=30°.

35

(e) x/L= O.!9+ +=45°.

Cp

(f) x/L= O&52; +=15°.

Figure7.- Continued.
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o Jet on
O Jef off

.1

Cpo

-.18 Lo 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

(g) x/L= O.!52; +=30°.

CP

CP

( i ) x/L= O.!86; +=15°.

Figure7.- conttiued.
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o Jet off

CP
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CP

M
(k) Bose pressure.

Figure7.- Concluded.
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W!!m@9

o Jetcm
O Jet off

—–—— Linearized theory (ref. 25)
—— Characteristics(ref. 26)

NACAm L55H02

.

.

x/L
(a) M=I.2.

Cp

“’o .1 .2 .3 .4 .5 .6 .7 .8 .9 Lo
x/L

(b) M=I.5.

Figure8.- Comparisonofthemeasuredbodypressurecoefficientsat
@ = 45°ofmodelA withthetheoreticalpressurecoefficientsas
determinedby linearizedtheory(ref.25)andthemethodof charac-
teristics(ref.26)at severalMachntiers.
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o Jeton
0 Jet off

–––— Linearizedtheory (ref. 25)
—— Characteristics(ref.26)

39

xIL
(c) M=2.O.

Cp

x/L
(d) M=2.5.

Cp

x/L
(e) M=3.O.

Figure8.- concluded,
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.2

ACP C

NACARM L55H02

\
\
\
\
\
\
\
\
I
\

~ . . . . . .\=---E_—___

.4

.2

ACP

-.2,0
.

A

-.2
1.0

1.4 1.8 2

\

\
\

M
(a) +=15°.

\ r—__=_.s —.
=---

__L_l__
1.4

Figure9.- Comparisons.

I
x/L

.— — 0.921
––––––- 0.986

2.6 3.0

=— _-————---

—— —

—— __ ___

—— —

x/L
0.92I
0.986
0.998

-——-. — +4

1.8 2.2
M

(b)+=30°.

of jeteffectsatrear

2.6 3.0

bodystationsofmodelA.
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.2

ACP O

-7

/

x/L
0.884

–———- 0.921

‘-1.0 1.4

.4

.2

ACP

0

.8 2
M

(c)+=45”.

.__—

-.2
1.0 1.4 1.8

(d)

Figure9.-

— –-— 0.952
.—— — —-

2 2.6 ? .0

Base

––– Jet

2.2 2.6 3-0
M
Base.

Concluded.
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I.e

.4

/’\\ x/L

0.884
0.894
0.952
0.986
0.998

—.

.— __ _

—.. _

.—— —___

——

“\\

\
\
\
\
\

\

\

‘\
Acp .2

\
\

\
\
-\
\
\
\
\. \

0 ,

1.2 1.6 2.4 2.8

(a)

I

x\L

–———– 0.894
—.. _ 0.952

ACP C .—— _, -— __ -

-.28
1.2 1.6 2.0 2.4

M
(b) +=30°.

Figure10.- Comparisonsof jeteffectsatrearbodystationsofmodelB.
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.2

ACP C

–.2

.4

,2

ACP

c

-.2

\\\

\
\ /’

x/L

— — 0.884
—— — 0.894
—— -— 0.952

—..

1.2 1.6 2.0 2.4 2.8
M. (c)+=45’?

L
1.2 1.6 2,0 2.4 ;

M
(d) Base.

Fi@e 10.-
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!III-i
qm

12 L82ZI ,24 2fl 32
M

(o) Jet pressure ratio.

“EEE13+I‘fIEEEE1812!.62.0242832 .812 L6202A2B 32
M M

(b) x/L= O.6EI-$ +=45? (C)x/L. O.952; &45°,

.6 .6

\
,4 ‘,

\
.4

!
\

,*.,

ACp ,2 ACp .2 .!
*. \

‘\
‘.. ~

o
----

0 “

-.28 ,2 ~6 ~. 24 28 ~ -28 ,2 ,6 2.0 24 2B 3,2

M M

(d] x/L. O.966; &15”. (e) Bose.

Figure Il.- Ccmpariaons of jet effects at correfipox statfona of
modek A and B.
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Q Jet on
~ Jet off

— Linearizedtheory (ref.27)
.2

0
.1
8~

Cpc) /
o 0

-.1

.9
.&

o .2 .4 .6 .8 Lo
x/c

I I I I
.890 .928 .959 .993

x/L
(a) M=I.2.

CP

.L o .2 .4 .6 .8 Lo
x/c

I 1 I I
.890 .928 .959 .993

x/L
(b) M=l.5.

Figure12.- Comparisonsofthemeasuredfinpressurecoefficientsat

(–)
Y = 0.27 ofnmdelA withthetheoreticalpressurecoefficients
b/2av
obtainedfromlinearizedwingtheory(ref.27)at severalMachnunibers.
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